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Abstract: Yunnan Province is a significant hub for inbound tourism in China, and exhibits a close correlation between
inbound tourism and tourism-related carbon emissions. Consequently, exploring the interactions and influencing mechanisms
between these two factors is of considerable importance. This paper analyzes the spatiotemporal evolution and differences in
the coupling and coordinated development levels of inbound tourism and tourism carbon emissions in Yunnan Province.

Utilizing the coupling coordination degree model and the Dagum Gini coefficient method, the study integrates the XGBoost
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model and random forest model to identify the primary influencing factors on the coupling and coordinated development of
inbound tourism and tourism carbon emissions. Additionally, the Tobit model, random effects ( RE) model, fixed effects
(FE) model, and ordinary least squares ( OLS) model are employed to analyze the bias effects of the relevant primary
influencing factors. The results indicate that: (1) The level of coupling and coordinated development in Yunnan Province
demonstrates a fluctuating yet upward trend; however, significant developmental disparities exist among regions, with a
spatial evolution pattern observed as low ( Nujiang) — high (Dali) — low ( Chuxiong) — high ( Kunming) — low
(Qujing) from west to east. (2) The primary influencing factors for the coupling and coordinated development of inbound
tourism and tourism carbon emissions in Yunnan Province include development factors, economic factors, population
factors, and governance factors within the tourism industry. Among these factors, financial support for tourism exerts a
significant negative impact on the coupling and coordinated development of inbound tourism and tourism-related carbon
emissions. Conversely, the scale of tourism development, tourism infrastructure, economic development level, and the
optimization of industrial structure positively influence this relationship. However, the effect of population agglomeration
level is insignificant. Therefore, it is essential to actively promote the development of low-carbon tourism, optimize the
tourism industrial structure, encourage large-scale operations, and foster coordinated development within the regional
tourism sector. Additionally, optimizing the regional tourism industrial chain is crucial for achieving a high-level interaction

between inbound tourism and tourism carbon emissions.
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Fig.1 Coupling relationships of inbound tourism and tourism carbon emissions
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Fig.2 Evolution of the coupling and coordinated development level of inbound tourism and tourism carbon emissions in Yunnan province
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Fig.3 Spatial distribution and evolution of the coupling and coordinated development of inbound tourism and tourism carbon emissions in

Yunnan Province
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HJE R BTN (2 2) o KIARAR  f AROKP R Tl 2 8% DX PP 5 3k i 22 18] 5 DXl ) =R img o ARk
Pkl K IXZ ], H13R 2 ATHL A B AORTE , L2 2020 4F 2 B R JE RBUE A2 BB ST [ ) 3
AR AET AR S T [0 T 5 A XU SR AN SF- Tl RN ] O DX | DX ] L2 b A o JE &
B, mT DA B0 DX ] 5 2 3 B3 v T DX PRy A 7 4 T 6 T2 2R B, b b T R 2 T A A T 5 R 3 A
B PR A SRR T Y 22 S R ORI T DXl ) 22 5 H IXUBRIE] 22 53 2011 4F DIk #1452 3 8l T e 1) 38 722
B XU T P AROICP R Tl A R IX 2 ] AR 5 I8 S K- (¥ 25 18] A1 22 57 ANy, 3 T XS A
e R B, AT LUK B K R L e J Xk JE AR B AR AR T op AROK PRl & SR X, A1, 2015 4 DL
HOKF IR I R IX L JE 2 808 o TRUKFHBIX  {H 2015 AR LU Be R o0 & A 1 30%%

X2 Dagum ERRHHINER

Table 2 Analysis results of Dagum Gini coefficient

eS¢ DI N 3 e R4
Gini coefficient Gini coefficient within the region

i —

e " ~ A kT 7 KT
Year =HA XAk A IX g1 . . R R IX KX

. . . Super-variable . .
Yunnan province Intra-region Inter-region densit High-level area ~ Medium-level area  Low-level area
ensity

2011 0.179 0.043 0.106 0.03 0.118 0.132 0.139
2012 0.192 0.049 0.104 0.039 0.134 0.179 0.121
2013 0.201 0.05 0.115 0.036 0.149 0.163 0.121
2014 0.196 0.052 0.097 0.047 0.146 0.195 0.118
2015 0.177 0.041 0.109 0.028 0.093 0.161 0.133
2016 0.178 0.041 0.102 0.035 0.078 0.144 0.187
2017 0.190 0.043 0.114 0.032 0.081 0.153 0.201
2018 0.182 0.043 0.086 0.053 0.064 0.171 0.209
2019 0.211 0.051 0.104 0.056 0.088 0.172 0.262
2020 0.114 0.033 0.061 0.02 0.113 0.064 0.099
2021 0.190 0.049 0.095 0.047 0.095 0.163 0.226
2022 0.229 0.067 0.075 0.087 0.171 0.189 0.262
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Table 3 Analysis of the influencing factors of the coupling and coordinated development of inbound tourism and tourism carbon emissions

AL A SRS BAfe 3 Hify BN
Influencing factors Impact factors Indicators Units References
ZHHE G0 R IR A5 GDp N [50—51]
Economic factors FlrEs LA S = A X AR P B Y o L % [13,27,56]
IRl & SR R =R R R R AR RSO XA 7 % [23,34,49]
Tourism industry development factors R BRI O B S R B o L % [25,48]
RUEFRIRFERE X A Gkl A A [53,57]
REFRIEFEE X REREE A A [53,57]
R AT P R WK A DX TR 4k DX T R L % [51,58]
Urban construction and transportation factors 383835 4 7K F NP LTVON [1,19,48]
RHE SRR RHER K KT ML R AT AR R A [19,41,57]
Science and technology informatization factors ~ HUIXf BAL/AKF  TEERIH f R % [53,55]
TRERE FREE IR BLK TR EA A I EE Ji m*/h [41,56—57]
Governance factors PRGELARE S PR KR IR A L % [53,59—60]
AR Demographic factors N HERKF UNEE: 3 N/km? [23,27,56]
AR A R R XM HOKF HH BRGS0 R S A % [53,58]
External environmental factors T T 3 4 R BB G A RMEZ . % [19,27,53]
AR Sl AR A A X R R % [61—62]
Ecological factors N T84k K- PN PN ¥ N hm?/ A [61—62]

(3) 3T i S A N AR . R A BT BE Al SO 15 S B0 B TR U 5 s A R A 5| ) A
PR, A7 B T AR DRIl 8 R , 7 R A AR UASE % 5 eI, R 4 3 Tl A3 LA R A ) 532 1
25 RN LS8 2R G M T A iR e B HET , SIS BRASER I -5 i HE TR AR 45 IR 81 A R, {ELAN T 2206 118 2 e J3E 1Y)
ST KA L S IE A T I e AR R R R T A R R SR R I O T AR R KT
5558 3 K F AN AR SR IR X1

(4) FHERBACH R, BHERFR kil & SR SR At T AR G ek B AR 5 T B, i 2 BRHE AT LA
7 R O RHIT-55 45 B ALK al UGk i A7 Ml A9 8 BRI B RO A B2 T, i D IR AE A HEI . fe
ZLE RIS 5 SALKCF- BB T R St il 5935 5 i BRI ARCRR 51 A Ji& | DTG S BB B i 44 1< 1) [+)
U B2 R TE LA RS S AR vk i 1 R PR AR SO R BB R KT L XA B A KT
i tES 2 0[S

(S)MRBPERER . RAFAPRETIA BT BE 05 H5 U0 i 51 e b DX AR 25 BRSRE Bia: | DT 38 T+ A BB e 5 4
SR TR & R, I B R R 3 RE 0% B A R AR TS G | e 25 <, WD R U 1 Bl i AR B Bk
BT T H A R A AR SRR SR G U 4 e DX, TS AR K R TR A X T B Rt T
B, KK G IRBEAS RE ) IR G R4 A9 BT URC B ORS00 AR R BE R MR U ol F) 4 JR RN 3 A6, T P 4f
SRR BEOAHERC > PRI A BE IR BUK P 5 G R AR 25 BE AR P A A DG i R F

(6) NTINZR . DIAESFFEIN g A SRR Ui e B4 09 T B W 5 | 1 S 2 2 i 4R SR A0 AT 7 A= ik
JEC S 5 LN AR SR AT R 2 O e M R R U 5 R g5 R A (HLSS — Dy T R T
BANDERT X G I A 5 PR ORI e 138, RE IR AE 5 SR — & R BE Lt 2 XA 0 e+l ™= £
S 200 DR RO IR SRR ST Sy ABE MR e S5 R EBA HE BCHA & Wb 81 2 e (s i DR

(7) SNERIREEIN Z o XEAMFOK- BT ABE R 4 A R Bt 1 R A 0L, 17 L A ) g ol 3% sl 4 BT U
TRl & R B T BT AR KT IR ST R B R R A T2 SR T 3, 1T R A 1 R
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Iy N 23 TR 252 0 [ AN 2 2 KT B T UL, 3 0 AR Ui i i B RS & P R R AR
AT AN o DRI O SR IOK P57 Sl 4 1 S AR S R M A 7

(8) EBVEME , RAFM A S FER RERS TR IS I ) B AR USRI 5 (R0 5 0, DA TN 0% 5 | B8 223 25 i o
TR , i HE A SRR IR o IR RG2Sl 5 X A S B B AL A B TR T A S xR 14k
BET | AT UGl e e a0 o PRI R BRUAR i 2 A5 B 55 N AT Sy AN A G S i R 7
4.2 SR ARSI S HLE A

ARICAHH] XGBoost #5574 FEHLARARINIRERY  £5 45520 ) DA AL AR YOk A8 i U ik i A HIR 8 L A B R
PS5 iR Y B PR 15 IR JR K S A R AT 1 R A B T AT AR IR 2 R N SR 4 B, i
4 R A YRR SGRETR MO HE AR (E O AR RIS OR B, Al e — A S IR ISR
KRG PRI ER & b £ RN 1

x4 EEETHRE
Table 4 Model feasibility test

s i

Dimension Vodel MSE RMSE MAE MAPE R?
IR U R XGBoost 17 0 0.001 0 0.083 1
Inbound tourism carbon emissions Bl AR AR A 0.001 0.032 0.022 4.558 0.97
Akt XGBoost #5 % 0.173 0.416 0.192 0.026 1
Inbound tourism R AL AR MR35 3157.34 56.19 46.362 7.193 0.804
I DM & S K XGBoost 78 0 0.005 0.001 0.951 1
Coupling coordination level BEATL AR AR A 0.098 0.313 0.195 26.562 0.977

MSE: #/771%2% Mean squared error, RMSE ; A5 #3124 Root mean squared error, MAE ; 334445 1% 22 Mean absolute error, MAPE ; SF-344f
X E 43 LR 2% Mean absolute percentage error, R NHULA 1 &

BT LR R S PP AR A SO T ABEIRIT R 7 RRHE AL AR -5 R 0 i HE R 5 B i i
IRV TR WA N T IR0 ) SR ANER 5 s, AR SCREHGHER it/ \ O A0 25 A8 A 32 S R A 1

HIZE 5 AT, ASRER I A9 5 e PR D0 i IV B S 455 g i DX B AR K ik T B0t o L DR
ZARETT R A R S s A LA A N TSR, 22O R T b R R R A5 B
R GHRAC B A R SR DA SR R KRG AR T s R R N R SN ER R A R 0 5
M fE R AN R ERRHE Y 32 T 5 0 IR o N AR 20 R R KT i R KOF X AT oK
- S AR S LR RIS S AU BRI A A A A, H b ] D AR 2 DR B R T BT A 5 e i
Wi, HORZ TR I i R S R AR R R R, it n] UL il & Je R 38 % A8 i
i 180 582 ) A 25 500 X R 9 A AL Py B2, A 25 DR 3R ) s A S T -5 T 0 I o A P B

MK SRSk A i -5 iR i R AR 15 BIp ] 4 JRE 2K P 1) 3 2 i DA 32 R Dy ik e W BB S T B
iRl e RS ik Ui it —F o B (R B A oK L R AL A7 A S B U A RSBV R A AR
PP S ALK s TR Bl R A, 32 S5 PR R SRR BEIRAIL LR AR ) PR ARR BIKOF A7 AE W3 1
BEIRC B0V N AR RSN S PR EEIE BN, fh Rl DR G Mk R SR R A BE IR NI ER GA BEE
FON A SRR - 5 B HEORE G M R KT R SRR R Tl it i A i IR R B 515 BALE R b
TREREE 2R 5 LR SV R I AL R 2 8 A SRR Ui 5 B HE O & 8 6 K ) R el LUK
PRI 7 K e R R A BRAE D 28 (B URUC 2800 ) ]IS A AR R 10 sy -5 0 5 DI ) i o i S 45 O VR T 72
SRR, 22 B PN ZX R i i HE i TR 5 Db e R i 24 A 4 OGBS ), T, AR SO T 5 A AR
U5 R e B HE R 2 D8] S JRE A B E MELBIL AR, AP 4 s
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Table 5 Impact factor identification results

B ﬁﬁ?}jﬁﬁ?ﬁﬁlﬁﬁi?ﬂﬁf ﬂﬁmﬁﬁ%ﬁ"ﬁﬁeﬁ%
Tnbound tourism impact factors TOUI‘IS.HI carbon emissions Couphr-lg coordination
impact factors level impact factors
SR R F Tmpact factors FRAEEZ M Em T FEEZM: T IR
T UiE W B S 45 S7 B Tourism financial support level 54.00% N T84k 14.00% it Ui I B S R 49.65%
X {5 B ALK Regional informatization level 8.05% 2 R IRAKT 7.75% gk Ak 13.10%
Wi WM = & B Tourism facility richness 7.60% ALK 7.65% 4T KREKFE 7.55%
FIRMLLAHE )T Resource supply capacity 5.65% Xt AT K S 6.40% N EERIKF 5.80%
Jig Uik & R FAEE Tourism industry development scale 5.20% I A A A 6.15% e ie Al e JR A 4.25%
218 12 41 /K Transportation level 4.85% Bl I Bl 4 5.95% il R Rt B 3.50%
FEALZERI AL Industrial structure optimization 2.70%  PHEHTRKF 5.85%  WRMLLARES 3.35%
AT 54K Artificial greening level 1.95% P gk AL 5.70% 816 HUKSF 2.85%
FHBWF & 7K Research and development level 1.65% A i 15 i 7K 5.65% X {5 Bk K 2.55%
W L5 3% B Business activity atmosphere 1.60% iR E Y. & AR 5.45% IR T AR AR 1.20%
2Z0% K B IKF Economic development level 1.50% N R IKF 5.35% TR IR 0.95%
TG 32 & B Tourism resource richness 1.40% WAL RE S 4.85% N T 44K 0.95%
IR AEZS 3R] Urban ecological foundation 1.10% R S K- 4.80% 2218 12 K 7K 0.95%
N FEERIKF- Population aggregation level 0.90% i e 150t = B 4.10% BHEOT LK 0.95%
BV K Environmental governance level 0.70% Hh X A5 BAL K 4.00% Tk 1 sh 4 0.85%
XFAMNTFIOKE Level of opening up to the outside 0.65% FRIE IR 3.65% Il T K 0.80%
W% /KT Urban construction level 0.55% e e VA B S T 2.90% X EMF IR 0.75%
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Fig.4 The influencing mechanism of the coupling and coordinated development level of inbound tourism and tourism carbon emissions
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Table 6 Regression results and robustness test

P Tobit FE RE LS
Independent variables (1) (2) (3) (4)

iR Y WA S 45 3 -0.249*** -0.117*** -0.133*** -0.249 ***
Tourism financial support level (0.023) (0.022) (0.032) (0.003)
kst 0.87*** 0.289 *** 0.341 " 0.870
Industrial structure optimization (0.128) (0.11) (0.107) (0.113)
G R RIRF- 0.130*** 0.071* 0.074" 0.130**
Economic development level (0.05) (0.037) (0.041) (0.059)
UNEE S /S -0.073** -0.161 -0.116 -0.073
Population aggregation level (0.037) (0.117) (0.097) (0.042)
e A JR A 0.243 *** 0.127*** 0.1427** 0.243 ***
Tourism development scale (0.023) (0.023) (0.038) (0.034)
TR B 0.167 ** 0.042 0.069 0.167""
Tourism infrastructure (0.036) (0.057) (0.063) (0.036)
Pl R i

D . AR SRR WERHETRORS 5 P K JR K
ependent variable
wxx wx x SPRIFRIRTE 1% 5% 10% 1 R 3E/KF T 038 355 A ECE I br iR 22 (0, FE . [5E 8OV AR Fixed effect, RE: BEHLSW

Random effect
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